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(54) Title: PROCESS FOR PRODUCING BIO CHEMICALS 



(57) Abstract 



This process utilizes a number of small volume compartments containing culture medium (22), Each compartment 
(22) be enclosed in a tube, preferably transparent, and is segregated in the tube with the aid of a gas -permeable carrier 
fluid (60). Movement of fluid in a given compartment along the tube to a detection station (40) is often practical. If the 
fluid in a given compartment is found to contain components desirable for further processing, it can be segregated for such 
processing. The process is particularly valuable in production of monoclonal antibodies and in use wherein gas-transfer is 
required to or from the reaction compartment. However, the invention can also facilitate intracellular studies, e.g. pK and 
calcium content, and studies of the properties of sites on the cell membrane. 
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PROCESS FOR PRODUCING B lOCHSMICAlS 

This Application is a continuation^in parr of 
coaunonly-owned and copending Application fii^d op 9 

October X9E7; Serial No. ic? ~>5~<* v, v r . * 
- ^ . . x u ' f *- J ' 1? Y Dennis D . 

fietronigro, John L. Stsrricl^ Rob— - i>„ 

* Wvi ^ Kooert u.kuemer and Mary 

Lou Mattes and entitled pporpcc pop npmr^n 

^PEwilS ARB APPARATUS. 

?n . . ThlS inventi °» relates to a novel process for making 
10 chemxcals, especially biocfaemicais , and particularly cells 
in a viable state -* r ^ - 

m very-smail-volume rea^ion 

compartments. The invention, is also us^d! ^ < 7^ 

. <*-so use^uji m rapid and 

erricienu comparison of i aroo ni1Tnhfi1we . _ 

ir -E-cx-g^ numbers of samples of a 

given chemical with rv&<=:r>«~*~ +-« - - « ^ 

^ tt-i.rei.j.ng reacrion to 

a large number of chemical e= o>* r-™-^^.*- ^ • 

^aemicais o*. concentation of a chemical . 

A further use for the invention is to facilitate studv 
of cell properties whether those associated with the a »li 

membrane or cell activities ca^-H^r? * • 

^ «s ca^ied our within the c^-11 
membrane * ■ w — ^ 

20 v ThSre arS a lar * e number of processes for malcina 
ChSmiC£lE ' inciting biochemicals, in a number o~ 
reactors. However, few of the reactors facilitatl 

detection of sma ii quantities of product while it is in " 

the reactor and most of the orior reacto-q ar , • • ' 

^~ -*->--<- i -d^co^s are. relatively 

comlplex. Others do not differ <-rom convn n H„ = i u . " 

_j.um c-onvenrxonal chemical 

reactors. Some processes utilise -mo^^c, *. 

"^j-xi^e means to encansni afc=> 
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25 



35 



react ants . 



One kind of serial compartment -processing 
apparatus, (but nor believed, to have been utilir-d for 

* ^y^-Lng ana aiviainq 
cells, or maintaining non-crrcwina c^ll^ in 

- ^ u ^- n 9 c - Uo xn good mecnanica"! 

condition for evaluation procedures m . 

o^. meielv processing 

^ . — . ^ w 11 ± w n utilise eras r^^ncfev.^ 

aescrxbed in U.S. T>at«n+- 3 £7a , , - ., _ 

" — r ' ~ "' 479 '^1 >-° Smy-he et al wbe^in 

enemxeal samples to be annalyzed w~r- t-ar-no-^ - 

intolerable crosscontaminatior P i n ^ = . . 

w * or ^ axong a conduits That 

pa wen u contained no suggestion fo- nc=o ^ 

Uli xo - USfe Oi the apparatus 
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described "herein as & chemical reactor or as a gas 
permeable reactor means. Subsequently, a publication 
("Capsule Chemistry Technology for High. Speed Chemical 
Analysis" by Cassaday et al in Clinical Chemistry, volume 
31, No. 9, 1985; Page 1453) appeared which disclosed the 
use of such apparatus as a reactor by combining adjacent 
samples of different. reactants by using a meraer 
technique. That article was also directed to analytical 
techniques which are also intol«rsbi o - _ • 
contamination from sample-to-sample, a iarae number of 
references, cited in. the Cassaday et ai article in-ii^o- 

f aijos.^ ju r xu_exx u f vxasteiica B J^m 

innovative technology for "random-access" sampling. Clin 
Chem 28, 1867-1872 (1982). 

15 2 . Steindel S, Schoudt P. An: assessment of random 

access fluid technology. J Clin Lab Automation 3, 319-3-> 6 
(1983) . " 

3. Bromberg IL, Polled A, Cheng J, Romas chin A. An 
evaluation of the Tecbnioon RA-looo random-access 

20 analyzer. Clin Chem 30. 2S1-2E3 (1984). 

4. Schwartz HK, Stateland BE, Coughlin J, e t ai 
Chemical and clinical evaluation of the random access 
analyzer "RA-1000". Clin Chem 30, 364-368(1984). 

5. Snyder LP, Adler HL. Dispersion in segmented flow 
through glass tubing in continuous flow analysis: The 
nonideal model. Anal Chem 48, 1022-1027 (1976). 



25 



30 
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ier LR. The prediction and control of sample 
dispersion in continuous-flow analysis. Advances ' ir. 
Automated Analysis, EC Barton et al vh- • . , 

Tarry town , NY 1977. pp 7 6-81. 

7. Chaney AL. Applications of fluid mechanics in 
continuous-flow systems. In Automation in cUr-a^ 
Chemistry 1, WB Scova et al , Eds Medial ™ ~ ~ 

Plains, NY L968, pp 115 -1.1 7. 

All these publications are incorporated mr 
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"this disclosure. 

Quite independently of the reactor type described 
above, there is a substantial amount of prior art. relating 
to biochemical reactions for making useful quantities of 
5 such products as monoclonal antibodies. See, for example, 
the book "Monoclonal Antibodies: Principles & Practice" by 
J.W. Golding, (2nd Edition, Academic Press, Orlando, 
Florida, 19 86) . 

The above discussion of the backround of the 
10 invention was necessarily made with knowledcce th» 
invention. It is not to be inferred from such discussion 
that Applicants believe any of the art disclosed in the 
cited references, alone or in combination, would have 
made it obvious to utilize such art in solving the 
15 problems faced by applicant.. 

As described below, Applicants wish to accelerate the 
production of such biochemicals utilising a rapid means 
for identifying cells useful in making such products. 



SUMMARY OF THE I NVENTI ON 



a 



It is a general object of the invention to provide 
novel process useful in applications wherein it is 
desirable, for any reason, to carry out gas utilising 
biochemical reactions in a series of small compartments 
which can then be moved, at least relatively fast , under 
2 5 a detection apparatus. 

Another general object of the invention is to provide 
a process for rapidly preparing samples for detection of 
specific iigand-antiligand reactions especially in the 
presence of living cells and organisms. 

A further object of the invention is to provide means 
to prepare culture samples for rapid detection of and 
collection of, secreting ceils, e.g. hybridoma ceils, and 
other biological cells and organisms of specific 
characteristics which are present in said samples. " 

3d It is another object of the invention to 



o provide a 
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nov^i process a«s- *3^e?^>~-; w — j _^t. 



-ransrer, xnto or out o 
possible. 



tional gas 
reaction compartinents , is 



Another object of the in^n-^r ^ ~ -~ 

- a ^ i0n x» ~o provide means 

to concentrate growtri factors, S o« r «^«^ * .. . . 



"CI, 



xauiveiy concentrated forms. 



Still another obiec^ nf * - 

J w ^ 01 ^ ne mention is to orovide 

P ~ S ^ or ma nuracturing useful Quantities of 

nybridoma cells and antobodies s^^p^ H-r <=^~> 

to^w^ered such cells. 

Another object of the invention — . 

— iuveiuian i=¥ to acnexve all of 

tne above objects while maintain^na a 

sampxe ove. a prolonged period. of +- 

Another object of the invention ■? « to 

u, " XsJI ' ! provide a process 

cnau w-ill allow rapid, relative -or* « fln f ra f^ * 

, ^ -cxa^ve wonwentration of the 

bxologxeal -.positions being produced by cells in a 

culuure being processed* 

An important object of the inve^^r, 4 e +. 
apparatus and process f Qr ^aeri 1 * ^-=,4-4 

biocnemical entities inciudinc for ^amm ^ ^ , " 

w^ui, , ror example, tne studv of 

internal ce" 1 1 ac^iv^v , 

ac - lvl -i ana tne stuay of properties of th~ 

cell membr^ 



ane itself and particular sites thereon 

Other objects of the invent--? mn T r,'n • 

- nVt - na °n vxll jds obvious to 
tnose slcill^r] in r-ho - _ 

Q xn art ori baaing the disclosure. 



faUDs^cuiuiaily acmeved 
Joj une process described Below. 

The general type of apparatus useful *n 

c-xie process of the nraeon*- 4m^^.r « . 

xr" 1 — -ssn u» invention is rs -fv^,* * - - 

u - ^ • Patent 3 ,479,. 1^1 to Qtott^h^ - - 

• ' X CO Sm Y±&* et ax. That oatent is 
incorporated into this disclosure bv refe^ n ,. « „■ 

30 a general summation - 

summation tne way xn which — ac^or 

compartments of chemical coBiDos^ior, ~*r> ^ ■ ~ 

« Ubl -a on can be separated and 

moved along a rube. Smythe et al, ci— * -f r ~~-^\>-^ 

^ ^ ocxq. Jtsacjccrroun^ 

secrxon, used their apoaratu- to - 

w uG transport a series of 

samoxes ro test s^^h., m ~ 

^ °- -acuity v^rxth which 
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transfer may be achieved in such processes as described. 



rn 



5 



The tubular-conduit aso^c^ n— +~no _ . 

d^p^o^ me apparatus used in 

cue Drocess of the nresortt- ^ mr<n ^,- ^ _ . - 

^ es " nw -.nvenuion reseinDjLes the Smyth e 

et al apparatus. However. th<=* T ^ ^-^4 ■ 

" -oxxa*xng principles; not. 



scognised or utilised by Swth^ •„ - 

- ^ — ^ «*.i f must, oe jceist in 



mxnd for many biological 



^re ct*.' o C* 

^>*** tl* 



1) The carrier r"f it ■? ^ fc ,>, 4 ^> , 
; -uxu., vmxcn coats trie vail of the 

tubular conduit and also forms wails about the r-act<on 
compartments is preferably gas permeable, thereby s *rv<na 
as means to provide gas exchange or transfer into thl 
reaction compartment from an intermediate fluid posi- 
tioned between samDle-bearina roarfinn -u 

reaction compartments , 

sometimes refe^^d hn-^fl.^ ~ ^ 

_ere.._ea wG fttaiem as tne "separation fluid n 

which is often air or a±r modified bv rhA 
supplemental gases., e.g. fc>y 5% CO . 

2} The wall of the tubing is thin, enoucrh to trars^r 
process-facilitating gas therethrough, thereby obviating 
xne need for all gas transfer to be alone the length 
the path within the tube which holds the compartments/ 

3) The wall can be! and advantageously is 
.sufficiently translucent ~o allow optical inspection a'r 
the reaction mix. 

4) r n many biochemical operations,- e.a. whe- B 
particular secreted product is to be formed, and where the 

presence of an appropriate secretina C p«i ; c mia ^ ■ 

w -^'y xs guest x on able 

it has been found to foe very desirable to provide 

extremely small reaction compartments which can be 

screened more quickly and effective! v to „■ 

presence, of the desired secr^ion r^^™^ 3 

— wxon product and, ^<~*r> — 

seguently, the. presence of cells suitable for fuz+h— 
cultivation within the compartments, it has beer- found 
that such reaction compartments can be as small ~s 
fraction of a microliter; although, th» i nv ^ 
operable with much larger samoles,, 

n ~ — ^ liquid", as used herein, is 
describe anv marD-isi n nwdTrr,- „ - . 

f — v v -acuUw f WuiCIl csn 
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moved without substantial damage along the tubular 
reactor. Thus, many gels are suitable "liquids", suitable 

WC 

^eci. ib.^ culture oamposxt:i.ans, as are 

- ' ~ uiwu -^.e mitral seeaxncr cuftu^™ v-^v— 

_n _ d.sL^a^aa f x Ai wirie practice of th«* ^v^^^ 

In. most:, or riie. ar>p^ ica^i nne ^-f ■? ~, t ,..--»~j~ 

apparatus of the invenriari »rtr* - ^ ^ -* - - 

— Ltjxi f ana suctt ancillary apparatus 

which contacts the fluids hft^nw »~ — ^^^^^ 

' L - QS ->e,^.Dg processes must: be 

ised to assure a ssife anvi t-ot-stti^t-.^ «^ - - , 



^ JL „ JL»i. 

10 cultures and the iilrs 



15 4 « * 



Although carrier fluids can be fiourochemicals or 
like materials, which facilitate the movement or 
compartments can be used. For example, aqueous solutions 
can be utilized when independent gel -type walls are used 
'n forming compartments. Such gel-type wails can consist 
of sodium alginate or like materials which would 

encapsulate the fluid. 

Moreover, it should be understood that the present 
disclosure discusses oxygen-utilizing processes. 
2 0 Nonetheless, it is contemplated that the invention shall 
also cover anaerobic processes in which case, the 
separation fluid could. r>e some appropriate non-oxidising 
fluid such as nitrogen. Any substantial oxygen 
transmission into a compartment would be avoided by choice 
of a suitable gas environment around the processing 
compartments • 

in general, the concept upon which the invention is 
based is that one can lead to a very quick determination 

of che. presence "in s rr-i vor -»~4- 4 

j~ o given reaction compartment of 

suitable secreting cells. This * s a-hiovoH v«- - 

» -jLi^to „^ ct^iiievea bj; using a ven r 

large number of extremely small compartments and rapid 
evaluation, e.g. by relative movement of hundreds ^of 
compartments per nour under a detection device. Thu~. 
even though one has reduced, indeed minimized/ -hi 
probability of suitable antibodies being produced in Inv 

given compartment by use v«*— r i 

u ^ ^ e ^J; ^ii f even sub- 

microliter, compartments, the m^->» tpo-« , ^ — , . 

1Uwtwi * mOi-e rapid inspection. 
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rate, the lack of a. larger mas^- o- 

^ iud^_ .sacLiou liquid 

components which are not of int^^sf aTV * ^ Hi=3 

5 — -~ ~ s r ana tne aiDxlity of 

maintain the multitude ox samol^q f nqi ^nu 4 

i 0 0 0 , t yp i cai 1 y in exces n - ~* n r» n - *-» w 

jOGu oixen in excess of 

20,000} at optimum envi ironmen^a] r, r w^^ nc 

form an optimum way to Ir-lf-^ u^*..* 

w_ — ^on ana. proaucrxon 

or desired biochemical xora 



1 |f»»»f 



i- «_>f ^. 



Another wav a** st-» +■ ■? *-»«-■• 4--*, .•■ 

u_ _ — tuiiig .His aavsntage is ♦•ha* 

although the secreted product is much less likelv to v 
produced in a given compartment, when it is produced in 



>3 

a 



compartment it. can be detect ~* mo-h i & , 

* ««— Ci t-L £3 



will be present in s* k 1 ^k^-»~ 

nxginer, more detectable 

concentration „ 

Furthermore, since a large number of compartments are 

i5 used, the number of c»lls iS^^i^r - , ~ 

u^x^s lniuially seeded for compartment 

is very low, Typically l 

Jir ^ 1 ±ess -nan, or equal to, one 

secreting cell per compartment instead of the 10 or mor~ 
cells per compartment usually used in the prior art. The 

advantage here is that th& *r*nir^ ^ i -f 

Aie w ^ n ^sd cells are cloned 

2 0 immediately without the necess^v * 

■"--■-ss^y c^ performing multiple 

time-consuming, sub-cloning steps. 

When reaction compartments are formed in polymer 
uiibin^ / of tbe ce^s^ 

compartments of a biocultxxre to he tested car, be r~du~d 
25 in volume by using a carrier fluid such as silicon oil 
- c p-e.^xau^u^a^bori aula sues of less than 1 
microliter, indeed to about 0.2 microliters or seller. 

Carrier fluids are tyDicall v ^*h^ T t^ « • • 

^j^-^dii} aDou ^ 2a centistokes in 

viscosity and are obtainable una— -hp - ar io h . 

^ UIja ^ - r * e -aae designation 

Gaicten D-25 from, the Aus^mont n-j-m-^^r - ^ - - ^ . 

-^iii-'xi <~ uom^any, a sunvsidiary of 

Montedison, and a number of othe^ sutddMo— ^k, * . 

f ^^x^-^ ^upp^xe^.^. Tne reaction 

fluxd is best selected to avoid any substrate sticking o- 
proteins in the compartments to the tube wall. This" is 

especially important in thos° - : ~ .. ... 

- •=* - its -anoes wherein •? *■ - 

3o desirable to move the bubble - * - 

-^ougn »fte ruling 

The carrier fluid 4 s ^ 1 - , 

UiC " : c -— :: '- iJUna to De useful as m«ar=- 

-° " block " surface of the tube wbi-h ^^n- • • " 
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compartments enclosed w-^^-i-i^ 

w w^^J&in perfiuorocarbon liquid 

coating. A one percent. fl%> soiDtinn ^c? - 

* * ^ uxux:xon ^ BSA also useful 

xn such blocking other- inar^-pic ~« t 

wu.ixe« EA ^xc.is can r>e used bur they 

should not interfere vritb ar^ »t.ct-f^>- 

: ^ w ^ ansier ^nere sucn transfe- 
rs needed. By Bc b^ nn-nr^ - _ _ 

^-^*wi^ng mean"*" r^nn*- - ; Hf r,^ - s ' 

wni cfe aids in avoiding 4 rt^-s- - ^ 

- — ^ reaction compartments 

tubes . 



. 1 v«^? JTJ. l», JljL 



The carrier fluid layer b<»*-w~pm +-x* 
fluid and the reactor compartment can be cha-^^. * * 



utae. solubility* of &*?t- tho^^- t ~ . - , . , 



s °i 20— 50ml of 

air D6r 10 0 ml Of" ^arri iar -r=*l -S ,3 

fcJJ - — arrjLez riuia is common. 

One of the principal advantages of the invention ^ 
that the reacting compositions in the compartments car, Z 

aetected optically, e.g.. bv measuramen- «* 

~ f 3 measurement of epifluorescence 

by being measured in situ thrrm«K - *. 

-ei^ii, -nx ough a transparent o^- 

translucent wall of the reactor tub- i - ■ 

x. * e » wnile th** 

reactants are still +->t - — ^ - _ a * 

.he medium in which the 
material being detected is being produced. 

In a typical situation, the ^ ar ^^ nn „ 
. n f *~ X1 ^ -sacaon compartments 

be constrained wifcbin a rhoTni^n,, * 

^ Xli a cnemxcally inert tubinq 

advantageously a Dolv f luo-nnai*>i^ *- — 

- ^ - a P^y-uo.ocarbon tuning (formed of an 

C-luorme^ethylene polymer ) tubing of 18 crauge i £ 
0.042 mch inside diameter and .012 inch wall thickness)" 
one 3ucb tubing is sold under the tradename Zeus bv Zeui 

, a Av» « w ^ Kariuan, New Jersey. The 

rubxng illustrated below h 3 q » 4n^^, — 

xxa^. an. inside diameter o-f ahair 4 - 

0.03-0. 04 inches and a wail thickness of about o 01 -o 
0.02 inches. Any tubing used should be sterilisabis, non- 

toiric jr non— wettable bv w^^o-*- - , _ 

sn4_ di *a_e^, ana preferably (for lono-em 

reactions) suf f ici^n*^ lv ~ 

/ u.Li toi .n-i} ga^-pennsabie to be useful in 

rransfarrincr at least- co rv v.— ^ ' 

C 2 anc ° 2 ^erween the inside and 

wG 2 enriched air outside of the tub^n- -n. 
vv , . . wUCin y * The non- 

weuuabuity characteristic car b- -,^-^0^ h„ 
or- , . r~-o\iaea ny aaecmare 

Joxocjcing-. 

It is not necessary to us« » -mor»oi -? 
tiiDinc materia^ ■D^mie 

^ u ^ eQ P-oviaing an y 
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that it adequately contains the carrier fluid and. that it 
does not allow contamination of the samples. Whether 
contamination is a factor depends on the mobility of a 
specific contaminant thzrouah the carr-; CT ^i-it-;^ 
course, the parameters, particularly the time, durin 
which the compartments ars to he processed, in tyoicai 
situations, the tube material will exhibit: permeabilities 
of ?0Oac/l00in 2 -24hr mil thickness 



°T" ft. y™' 
\**.- 



orygen and 



I670cc/looin--24hr mil th * ckn«ss r»i *■< •» . 

L. Ai .__ k _jvJii — , & <_w-, .. i.xi measurements 



10 are. at 25 D c and astmospheric pressure 



It should be understood, that aha gas permeability 
required of the tubing material will vary substantially 
depending on such factors as the sise of the reactor 
compartment, the rate of biochemical reactions taking 
15 place therein, the concentration of reaetants etc. in some 
cases, reactions can be. carried out for many days without 
such gas transfer. -However , it has been noted that for 
many purposes, a tubing material is useful which permits 
about 500 cc of oxygen per- 1.O0 square inch area per' mil of 
tubing thickness per 24 hours and. 1500 cc of C0~ per 100 
square inch area per mil of tubing thickness per 24 hours. 
Such measurements are made under standard conditions 'of 
temperature (23°C) and pressure 14.7 psig. The carrier 
liquid, permeability is usually discussed in terms of "air 
5 solubility" in the liquid. Fluor inert FC-71 will dissolve 
about 20 ml of air in 100 ml of liquid (standard condition 
of temperature and pressure) . Materials with such 
characteristics appear to be entirely suitable for use i 
the invention.. Other such materials will dissolve sti__ 

more air and are verv Dsrm»abio -ho <-*■=* = t„ ~ 

u jt* — --iu— ciwxt= ww 4 gas . in general 

-permeabilities" of above 10 ml of air in 100ml of liquid 
tend to be suitable for most biochemical reactions of 
interest when applied in thin coatings to block tubing and 
act as a carrier fluid.. 

35 Such Permeability viil allow sustained ceil crrowih 

and division, in typical cases, for many days, and even 
for weeks. One typical example would be. the sustenance and 
division of, say, ten hybridoma ceils initially contained 



n 



BNSDOCILV <:W0 8907800A;,' 



Rk'S oaae 1 



WO 89/07880 

PCT/US89/OOI80 



10 



-10- 
in a ■> - 



^ ■ microliter reactor compartment for about a week 
sr. 3 7 C when the reactor JLs kenr = +- ->^c 0 - 
air environment for about a* week. ~ 

^^^'^ng wx . _rie compartments so 
met the compartment is sahc-^pi _ - 

"""" w " — «- — ■>' — -i- J*.. ~^ r 

somewnat elongated in t>i» • - 

^ ^ „i a- p^eierrea direction n-r - k~-.w. 

xxgnr from detecting apparatus, i o +. hn „^ ^, 

perpendicular to the axis of trie f-rrn-f^ ^ _ , 

uU£?ln '^ xs advantageous. 

Such shape and orientation are dosv^hic > 

_ fe aes -^ahxe Decause ir makes 

trie, s sihb < ^ Tn^^o ^^r-* — ». - _ ~ 

^.ritx xignt beam used 

in tor example, eDireflect-rve * n . , ( 

- * ■ - "^^^ optical aetection tschrdaues 
known to the art. This is of par+^^^ • 

very small compartments, e..cr. those below a noerolU— ^ 

volume, and particularly below 0.5 microliters'" 

wnere the material to K*=» ^~ - 

_o ^ss aeuected may first appear in 

very small quantities. 

The merger of reactor compartments in - a tube-type 
reactor, a feature known ±n the art to brine raactant, 

t-ogeoier to f orm a sine! & •?-<=,=, ~.«- 

~ — itsa - aon compartment, has a 

2 0 special use in the biochemical nrocess~s of ™^ - 

, - ^ 53 x uixe invention. 

xnxs xs so even though each compartment ini^^nv . - • 

um^au xn^^xaxxy contains 

a reaction mix taken f^o-m 

~° m totie &ame culture medium and 
ostensibly of th» ^sth^ tt -= 4--; — 

1 ux sam. xnxtzxal composition. r n oracti-e 

however, when one uses ult-ra-«nan ~~ ' 

Uu - d sma11 compartments, tbe^ is 

^ usually a call of one type within one compartment whi^ 
does not appear in adjacent compartments. Thus, in a 
circumstance wherein. (X) an an*--i*r«*« 

specificity appears in on** in^^i ^ 

WXI ^ xn^w^dx compartment (thu^ 

indicating the presence of at leas^- on- , - , 

r , ^ . xeas=»^ one dssiraMe 

secreting ceil, but mare n^bab^v -r>^ ^ 

. P-o^anuy, trie proliferation o^ 

such desirable cells) ? and wh^^r ^-4^^ 

s-.n aaiacent. comoartinents 

ao not indicate the presence of the c-l i . Dn « 

j.- — i-^ one can merg^- 

aae compartments to Drovid^ atin^^nrni - . 

aauxuxondi nutrition for ^he 

contents of th^ r-^a-r* 4 -^- 

-- ci — °- compartment havin- rh- 

appropiate secretina Ce i " ? 

**" " w - w o u r s e ^ x n m a n ^ r 

applications, for example c^or^na • 

. , ~ ^*on*ng cippxxcat ions , the 

adjacent coiii'na*^^"ro^ , n^ c»h i w 

- - m - n - -nouxa r>e rree of inte-fer-n- 

cellular matter. " i J 
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- n actazuion, merg-xng- comparzments can be used to add 
additional reagents, for- example, those tlx at influence 
cell growth, division of biochemistry of the cell. Some 
such, reagents are qrravrth inhifai ta-~s '-r-nu^n 
drugs or ch.emica.is srieci 

Also- r an additional ceil-— :ype could be adde 
ontaining a first ceil trvnoe to c^-nmr ^ r ^.*~ , - . 

-*■ w «i — ■■ *~ *»* < w L» y {_i «l. 

WJ " ' ei£ec - or< growtn and diff erention of 

one of the cell types by the presence of a second cell 



" |Lh* to-e* 



*xien tne process is carried out 4^ 



uu grow 

*■ 



polyclonal- (or monoclonal -} secreting hvbridoma cell 
glass tubing, the yields of cells were very low. '<v hi 
condition was improved somewhat by using a conditioned 
media. However, when using the permeable gas -cubing and 
carrier fluid, at least a magnitude greater cell growth 
was achieved even with non-conditioned medi 



Xt * hould be undsrstood taat. the gas-permeability 
feature of the apparatus can be dispensed with for short- 
term use of the process described herein. Indeed, even 
glass can be used as the tubing, in same situations which 
either do not require supplemental gas or can reiv on gas 
transfer along the axial direction of the reactor / but not 
without suffering from the problems discussed above. 

25 B ~ Y "conditioned media'" is meant a culture media which 

has beer, used in a preliminary process to grow cells 

typically hvbridoma or myeloma ceils. The media is then 

centrifuged to remove solid ma^t^r f~om -he mc> ^ - m - ~ 

— >-v* uia _ — i. i.iom uiie mecixa . Tnen it 

is used as a "conditioned" culture media. As a result of 
3 0 its conditioning during the preliminary process , the ceil 
contains a, or some, additional growth -promoting 
e.g. such as B— cell orowth •«==, ~4~___ ■ 

conditioned media is useful, bu~ •?+■ •>* ~ - c^er-s - i "* - 

iu-i., -ju. ^ w x & a special aavantage 

of the process char non-conditioned media may be utilized 
3 5 with very good results. ~ ' 



^*-wi a r 



typical process times for- - u i^^ c -m^i ^ ■ - 

hexing used to produce DOh^lnns * n~ -mr-^^^-i 

^.^la_ uj.y^ionai Oi. inonocionax antibodie 
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are 10-30 days. Der>»nn^r ^ — ^ 

' ~ ^-"^-^ng on tine aer^c^ nn = 

. . .. , - -<=^ cure mecxum to re^u'^ ■? n 

^tixcicxng of compartments , ±~ . ^ ' 

— Xc= prererred to m^v~ 

compartments throuoh th^ -.,K e ~ 

perx acts of time «v ^ . - s»n^ ^ 

nr£I» > '*ror: rv~';£* ^-f- < *' — i.It^ 

— - — 2=5 ^Si- _l.z. dDxe tn 



4 -u fcr fe; jj r 2 ^ 



compartment stationary- for- - , 

^ tt substantial Deri od of 

say several hours o~ ffio -o „ M . - ~ ~ llne ' 

- — mo^e,, even xr only to she— ~> ~ 
-engtn tuoe reguired... 

Froteinaaeous mate- 4 »= i e- > r . ^ ^ 

— — xn cne comnartmerir-e; f-ar.^ 
--iw*. tine tujoe f . if statin = 

_ *. * ~ ' todl " ic £or a period 0 ^ mo 

notwithstanding the presence o~" -p^- r A - 

number of so^^io^c » 7 . w< xrier^ d re a 

ia t— p"* ^ -i nXw> inconvenience. 0n« 

xs to jceep trie c»i i «■ mr «, T ^^ _ t 

— mo\xng except for chrr^ 

de»s— ihort ^i^, ^ ^ u ^ snoru stops as 

a^s^iDea Delow. Another is to s-i^^ s 

carrxer fluid, - a P , . Hgxit 

' ^*' g ^ ^ carrxer fluid fille 



i^uijaiiaonSf glass m -i r*-^r*K- i t ^ 

^ . ^w^^ liicaus to reduce 

-f^eexve density of the carrier ^lu-d q,,^ - " " 
r-a« ^ iittiQ - Such microbai lonns 

can also toe used as class h eadc ^ - OQn " 

aQs t -° form a fioafc-i n <-r r,=+-«v 

when included in the med-i a C Q^^ ffl ■ g parcn 

iu^-w^^ compartment.. 



ne selection of car-rip- r 1n - 
^ . riei -luxd can be somowh^- 

broadened bv mounting +-h« ^omewnat 

is rota-pd = • ^ 011 u - sur -^e which, 

-owc^ed. a rate which can 

• -i « £>e as slow 

revolution per minra , „ one 



sr mxnute or even much slow-- / 

y^avity aoes not allow *->*^ ^ t ' 

- axxow uae separation media fin,- 
sxnk relative to +-h^ • wO aoa, or 

~ v ~ ro ^ ne react xon compartments. 

The process of the invpr,*-^r, 
advantageous in allowina th- D ^«_. i-uldrly 

divid-Jn- ■ . procsssin e of living and 

c^\x^ng ceus xr, vitro. Howev— 

in processxner cells H> a „v,;i. , , y OUE 

cells and the iik- v*i-h rtr , ^-xm-.ry liver 

11 ao not reproduce in vi*-rn 
, ~ ~ ge^^j.- tnat the c*nc 

- tlr ,u T7 —i—wt some caaracteri sti— 
such cells as a ^ur— H'nn - 

*un-wion or tempera turo 

atomsphere, et- tp „ " ^ im ^^ gas 

' — Ljle! apparatus of the 
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number Df ~ Uable r espec'-o, 

XT?' - - - ^ S j n rr 



f - ** , 

s ^^siri used 



. _ . -i.*; 7 **- . f 0» *£f r";. 

amp^x^.^^ , is d es ^ u *" any , 

rie / one -a*. ^' a ^ , ^-^Ponse n 



e *ST. thr "* e «ecf r>~ ^ ent « Thus 

^ile b^fr^ ^^Ples ^ thermal 

15 s ^ , X ° n ts fes Pla ^ gas ^I^o^^. " . ^ e tubing arjd 

stua y of P-ace could be ^ u within wh ■ 

e P^^ojri-n.- v ^-ied * which the 

Section or avi C ° Uld ^ m ' ° m -o 
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-^'^ contain r ^ s usu a 7] v 

tub- • ffiamr Dr . Qr , li ^iAa the t U K e 

-oajpa^ lter the tubo ha , through B 

K - gr-owtjh, . - Sample ' -°aaed V if-h 

■ ^scted to >,=. E *-c dif* - vish f-^ 

Pu.r pos - --ae same >> n . n ~ Co?r .^ wQ 

therein the tllbu , fcy t/le behavior of ~ 

in it, car , Ubular conduit J- f analytics ths 

3-0 ar ..... ' ° an °s di s ^ a _ , ' ^th the Comr . 6 ~ P^oce Ss 

inv ^ti on ,- s f — • Indeed ^ th- " ^ S 

^ a ^tacula~ „ " -" e Period - -- n & -n n . 

— Process -t i s l . -ompa tihi^ 

3 a w "Ejected 

Among orn„^ . uo e 



^ td t , J_ 
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fcie * eiiU c apartments vith^ - - . 

^tt-,. Human ieukn^- - ^ * * 

invsn^ "? - -life use or tn» 

&ui/Lvpes are pi a^«^r^ 4 - - ■ ~ ,~ w ~~^A. 

(containing the same ee^-v * ~ ^ c^partments 

compartment: is ind-^-^-w ~ e - L - L witJtiin a 

evaluated is vulnerable ^ v . .. ww "~ xXne *>eing 

7 p «. „ ^ — J tne particular ant-nr-;, * < 

1C vas contained in its ~r™^^ &n -^riua wrixch 

compartment. Death - 
aeterm* Tw ^1,,^ dU1 G - ^ ceil car 

1 --uwr^soenr. means or ^ ■ 

known xn the art. uion means 

One way of det^nn^ ^ , , 

^ raun^ng tns death of 

13 specific dracr. is — Presence of a 

carbo^fiuorescene diacet a -t e f- F J n . mcL - £ - lal s ^=t, as 

cleave off the d^^^ " ° n ~ y liv i"g ceils win 

ne Cxace-ate ana' become f 1fn ,^ 

—or line can be labelled wi . h " & 

needed into cultures vith drilCT i I ^ WOrlCed ' ^nd 

20 will light up bu , g interest. 2111 Ce l^ 

yxx^ up, out: killed cells will B n mT 

^ag associated therewith to l~ar"^ !• ritto «-««t 

j., . , , J-eaJv out or th<=» r.=i i 

dxlured in the media anri i „ • _ wSllf bs -™e 

t»k, ' ana its fiuor-es-er,- ^ 

^nus the living cells can fa - - ~ ^ character. 

means. " S dete =-ed by fluorescent 

Intracellular studies -an K« - • , 

tne US e of the inven- xo- w 1 -acixxtated fay 
nriQri - F °r examole. nnn .... 



*••*>•■» example - nnc, ^-,,r - , 

measure the pR, or free calcium ^ ' Vlsa to 

cen DH ffi _„ Cr a Particular enzyme 



^ If 

siaenrs can r>^. ^^^^ t_ 
appropriate pH sensitive dv-c ^ UE±ng 

3 0 material, BCECF (supplied bv Ca^L Ch!^ \ ^resc— 
fc-taun tne cell, and after B ar - n _ Dle 9o) f 

which the cell is sufai<a i 1 . P ^° ?Sr afflou ^ of time in 
conditions, to be evaiuaCf ^ ^ PhySicai °- chemical 

ayes can be opti-a ' lv ■ color °f "the 

P-i^a^xj evaluated as an i n ^_^, 

PH. Somewhat s-m^^^v — • ■ ° ^^ aaM or the 

^-lux fe.^ ror ires >^fi 1 n^, , , —an 

FF^a o> Moiecuiar Probes Comoanv T 
Oregeon) . %an} °- unction City, 
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Cell surface marke-c ^ afTn , 
rs^ju-^ ^ . *~ 1 snail as sunn 'l -iori w,r ^ 



cell-membrane parameter- s uuayxng 
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invention, because ~~n^~ = ~ - ' ~' 

. . " ne - arre ' -Known in th« n-, - — 

merely illustrate ■ - ^ ilJi cir " r " Du ~ 

apparatus and croce^ c * ^, . ~ es ~ r ' wnic « the 

1T 4-,--,. f tne invention fin =,0-™^ 

utilxry even raen actU£ ■ _~ OVo> _ J" ^^ntagaous 

Intracellular enzyme status can 

a w ? C« ^> « T- a, „_ — , " _ _i„ - U. Jl. G ,, ci rr 



^-u ax actios idase , 
fluorogenic " ilAneii ^ ^ing tn 



suostrate fluo-e-ein 
6}. ~ °~- 7 -ages 4 83-4 86, 



ox course, ±~ ,' e 
o-h„^ - ** olso P^sible to carry ou- v^-^ 

purely biochemical procecsas " a " T"" Processes than 
For example, one can carefullv iZ*-. ~° ^ inVention - 
2D forming inorganic or organic' e J.t ^ ° f Sl ° W " 

^ Production of other ^b^^T f Pr ° d ^ ^ ^ 
contain a somewhat different ~ h l~±Z com P a ^ent can 

for example,, the e-fe-ts of V I imposition bo that, 

, _ wX various catalyst Uvci, 

noteo. The transDa-o^ , , iSvsis c an be 

2o measur«m«n + -'r. v., - . mos-„ oDticsi 

avantage of the process ^^~,- r , v XS S S?£cial 

compartments are vory ~ * ^ ^ eact i^ 

^^.^ v — y small. Tiie s+-^-r-^v,^ 

topping., phenomena are ^ u.uaT," " *° m *^*^ 

applications b -cau S « o* I" Y Prsssnt ^ such 

^-waufafe Oi nine xa^i" n-f^ 
30 niatier-iai »pk 0 w ^ r P r °tsinaceour 

rne permeabiii-v ^-^u^ 

facilitates choi-a ^ ^ - " a PP ar a tus also 

cnox^e of environment for anv * • 

&uua j 0^ trie rsa^i'nri 4kJ °^ s 

environments . o^. gaseous 



^P-XwXw.v f ,ne process 

describe _ ^ D " ■ invention 

reference to 



wiie production of 
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Ligand . as an indication nf 

-^-xoxi of trie prcson-fi 

secreting C *U b^^rt- ^ -**-n^e D ^ a desi re 

Tfeis involves the us- - r - - " tl0n compartment 

-*-B aetecrinn 



x-e* on- 



3 0 



XjQ this arirvl 4^ — 4-* . , 

embodiment th« - r.™ * ^ —~-x.r>ec2 a preferred 

alternatives and *odi^ at W _ suggest various 

understood that these ar . n . t , ~ ' ^ Xt Xs ^ be 

r ^*-> . . . ^ — °- n ^ modification^ - 

within tne scoDe o~f tii- ™~ , > S ~ cin ^ e ^de 

^^«^«..ea ana xncxuaed -Fr-*?- ^v,* 
xrt order that othe- si-- i - ^ • ^ Di --lustration 

understand the u VXJ - i more fuliv 

t-ne invention and the D Hn^m 
will be able to mad^fv i- » P^ncxples thereof and 

jBoax^j.. and embody •*+••{«, 

forms, each as may be bos- ~ •< ~^ variety of 

particular case., " " &UlLred ro rhe condition of a 




Figure 1 is a schematic diacr-a™ ^ 

biological culture confcair,4 , SilQwln 3 a licuid 

isolate in » . Jr^iaoma ceils composition 

Q ~ I: compartment within . ■ ■ ' 

seen xn Figure 7. P ^mg, best 

Figure 2 illustrates the sam- cul*n,^ 
Figure 2 after- ^ • " U - Ur - as shown in 

expressed pv- said oe11 

•there is sub=-=,r,*-4 - . " ^~ sams culture a^>- 

subs^antial ending of both a „^- hn ,. ' 
rluorescent probe to magnetic b ead£c ^>°dxes and B 

-n^o an opaque natch at • - aL ' £ ^ dI PUxleci 

w-. jie compartment, 

Figure 7 ilius^^ & . 

bio^^^i • baling a s «-to C 

oio.nsmic a i compositions. ^ ies 

F xgnrB s is a srhoTr.i*--! — - - ■ 

is rotated » q _ui3e 



«— M 



B907BOOA: 



WO 89/0788(1 

PCT/US89/00180 



10 



I / 



snapes of compartments i n 
-ii ^iaii, ^.s most ravorablv 



wnich. the process of 



O .-"*>»v-*~ i, 'if *fc , T , L -ic£^±i. SO 

" u P^^j.iy insoect fb~ r ft a^^ r 

. * d - uxOR compartmept^ re- 

processing* " aw in ^i 

The. f oilowina examrn ^ - 
. , ~ u a a j uncia n v i r- h v { < — , •- 

detecting the presence o- Er . J ^ 

hvh > irin r: . ° r ' an^zooay secreted fcm 

ct — tie-culture media th*. - ■ ■, 

r-dco*. compartment is sim^a^- — 
employed by Smythe et al -? ~ r* „ ^ . *~ "" J 

Figure 7 of tnic ^r>lir^-f ^ - " " " na xn 

^w^omp^xsiied berore use. 



'AMPLE t 



Thxs assay aemonstraites the dotocHnn — 
having s^-e * twCk - ion or a ^ anribodv 

9 °-^ e ^ n excess of loo ,000 Dal tons. 

As seen in Ficrure 3 .^x,^ 
r,^- ■, ^ r po-Lystyrene magnetic-beads 

°" riOEln ^ 1^5 micrometer- diamo^. , ^ 20 ' 

Se-aa-r CL^aiae^er ana supplied, bv the 

c»e.agen Company are coated hir ■ • 

^0 Mouse ( GAM} r a p anfiw „ ~ ^ n gCofc antz« 

^v.^ - * 1 av i- aria x a grit ch?in j~, f ^ 

obtained ^r-ri^ r?,^ - ^ wiiuin ^ype 

alDumxn (BSA) was used to blocr anv f«„ ^v. 

any further r-r- - 

on .he magnetic-beads . Beads 20 11 _ 

for a probe which - 3 SUX5Strate 

>K D .._ w i , _ „ uuu rne Deader ^ r>r^ 

eventually pnn 0£ 3 ,' n *. A & aUt> 

disporcp^ ^. a . " H " ^ Pa^cn. They were 

-omparrmenrs such as 22 wbi^h - a ^ Dl 

medium 24. Also disp— sed in . " Cllirure 

— «e^ in compartment i =■ - „, 

tag chemical, or p~obe 26 w v -• ^ ■ & S °"" CaxJ - ea 

cina some r»rss«lo^H „ TyV >^4 - OIIs w ^sa , 

^-b-i w s,iea nyjorxaoma ce^.c -> P n . , , 

ceils produ-ina Trr- > « c nybrxdoma 
- ^ Tig ^g^ 2a ; .Berore use,, the n ollp 

t ^ / ti .Lines wirirr f u-, i . 

remote anv z pn ^. ^ r> ^, — 

p pa - d Co -onraxn either nans— 

c~n* ^c- , • ^^-.mg cdj mouse mveiom- 

L ' tai - S a£ negative control P - uru ^ 
^ L ^ 1 ^2^ Inous£ myeloma nrn^^ 

~ ^.wi\ Luip. ; Allien xs >^s-rf - ^ 

- u*-a as a positive antibody 
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canard* hate rne tubj xicr ~ v — 

housing 4 — w . ^* uniK an ouxei 

^ ^ U1U — ^> oii e re. ova^ ^ h » -i •? 
i ! igure 2 indicates a nev «=■■?+-,..- +-^^ 

^ -u* uoa}^ „> D is secre^^r ... _ ~ 

some of -the c^Ps op , _ - ~ ^ * £aS - 

<■ - — - ^ ^ am & s e c ire r. o r cell 

Magnetic-beads 20 ^h-^-^itrr^ 
mouse antibodv- which r*~,r , - ~ ^ aD '^~ 

^^^^ antiDoay 30 fwh-~n -m^. * 

aoes uhe " praise n ft^c--^™- j ( 

a « 1 ^ W ' w ^n-^^ -mouse do-1 nr - ^ 

compl^r ^ chntrr * — ^ ^ ^ '" • The resulting 

sa^..^. iu.,. -L.n above j 

be Ca „^ ; an - i00a y 2o only associates w±t h b . ea ^. 

r>e^ause .or the mouse antibody th-reon r n virr, 
rne combined » comooE * -ior » r,* ■ • ^ 

" " f and. -the probe. w__ Q 



As seen in Figures 4 tiiraucrh fi - 
kxlo-gauss magnet wiiich is about ^1 4 y7 - m , r 

USea tQ Dull tfo* Tnarm~*-1 ^ . is 

to a. small ar^a o*> *-h. ^ - ^a^erxal over 

tnerebv to nroxrid^ a . , ~ ^^n^ 22 and 

such beads in a na^b - P T ^ F^PUxatxon of 

o-ii d pau-wii ^±2 as seen in Ficrure f; 



fi, " xmLUc ^ng ixgnt^ as jcnown ^ 

antxbody secreted by c*>n s :>p , - . , 4 °^ 

MB/GAK and the FITC/GAK to « „ " ^ to0rn fche 

. . f 1 twf iQrni MB/GAM - Ab- PT T " 

matenax . of course, if i- hnro - -/«AK 

which has «k rj n^^^r.-h 4. y Liw ffia^srial 

^° a "- clcn an antibody, f OQ ^ . , , 

contained ir , K J f r>e 

^ n magnetic rsBtr-H ^ r? 

COn^inr-- xr-v ^ -»u,w X ^ Will riD^ 

^uii^iDLLr no fluorescence 



rxgure 7 is schematic view of a 
procesEincr nrocedu- u^i^-i« - " " se ™ntiai, 
vmoroiri ^^-mr^-.^^ f . 0 iviiov/n schema 

^w^o^^^-r xn volume 
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■o be subject to anal 



sxs at ire moved -^k 

poiyteurafiuoroetnyiene tubinrr r-, y 

50. A Tianid ™ = * • - ' 3 ga£ bubbles 

J-a.quxa material, a Derfiu-ro-^ 

oo.mposat.xori,. an * ^ ^ 3 -<-^Wd. 



■^3 ~"i O - — 
*-* *• w'' 



^^s^^e movement 



means to allow su ^>; 0 ^^ . ^ Ia ^s 

compartments r-»r> *■ ^ w oeuween rne 

transportation ... SUiac e for 

- ""^ s trough tJtie Fluo^-n^w. 

phase 60 wbi^ . „ ^^^nert carrier 

u - 1 ^o^i tne eras buhhio^ ^ 

compartment , on ^,- • fl - DJiDjle ^ tne 

15 n f 4 n ^„„, . wxu^j5i^ ax culture 

ainiCdl Procedures are as follows: ^ e 



a 



All compartments contained t— 

»wa*nea created, magn^tl^hc^^ 4 

"-eji^aiion of about 1.12 v 108, 

mill i 1 i+*&r» m hfi x x0 beads per 

^ Uer * Tne c ^-eritrat:.ion of b-a^s car k~ ^ 

The nrnK. 4^ Saas cari foe Kiucii lower. 

F^TC/GAM per ml. From 4 to *>5o WH-,^ 9 ^ w " 

myeloma cells were i n i^ i -11 v - ^ecrerxng 

rea — in, * " xaliy Placed in appropriate 

reaction compartments. Tri^ rrrr ^^P^a^e 

^ . ig^ ? mouse mv^l om» -^^^^ 

supplied by ICN Corp, , a ] Sfi Protei 

a^^o combines with ~ho 
beads and fluorescent r ,^- * . l ~ Magnet x 

scenu pror> e and. is used 



2 5 control. it wa c * - . eQ as a Positive 

Wa ~ Places xn tne oth»r 2-<*a~+ n „ 

cannon*-' — , — ~_ _^ - — reactors ar a 

con_n.,aaon ox 37.5 nanogram per mil. 

The interior of th^ ^4 n . Tr23i ^ , . . . . 

f rtta " fc sold under th« fc^«^ 

uo^xn.rt FC-,7, a composition that is e t »--r i - k-, 
the tubinq ,- s nse n -^iliaabie, wets 

9 ' Xl= Psrmeab.le and aus- hwo 

transoarencv to a ra vu £ suit able 

. «__.ncy l-o enable tne ooticai aswr mi 

mixture was sucked f-r Qtr » ^ 4 - - -eacrion 
x. - . Gxrrs rent wells i n +- 0 th- m c • 

fh P v. ahr . ^i-^xnge pumpxner svs^«m 

~ — avLU - -omparrments with t 



3 0 



rormea. a barrier 1 



our the compartu;-^- 
r -^CLion mixture . 



introduced to th~ ^ n 'h-;r>- , " ^ wa 

' jjiown, xn th^ 

cl - - f ^-o separate 
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ciajacent compartments, ^fa^ oonirw»T— • 

„ OT _ , compartments vithin the tube 

were then placed in an ±ncub*to- 



95% air environment for- 2 4 hnn^ nr. - 

were cull ~* Vr ^ * - U?Dl ' ^gnezic-csacrs 

e_ pu:« .nuc an opague patch and the fluo— 

«.xie uaucn was a etenn^ n * — - T ™^ 
aesirea ncrana . 



Gl *~ ne processors, a detor^^ OT , ^ . 

* —on of a useful biosh^m-f — = 

^wi^.^on urie. existence of a ^it— 

°~ £ - Ui ^ie secretin^ cell 
LU in a comics *ri~ in c*t?+- — -u. - . 

^^CSCiv»T"i* *~is - - -'«-luWeG. Joy a 

COBlua-rtTnon*- +-v ^ w^.^nu. wilts 

wiiw^um^n^ the exit trh^-^o-* - ■ . 

L-xi_e^u. f olhq isolation 



^Herefrom, e.g. bv ^ T -rt:+-T ~ 
or sucking it out vi-^'h ^4 

eKi- nnr- a i *. -n^ougri the tube to an 

e3au por^ fc Alternate! v r - 

adjacent compartments i n f 0 * - 

x- = ^in^o ^ne desired cora^-mon- 

procedures known in the art T ^ 3 ' ^ 

to bring additional nutrient *-n means 

20 -he ri o C -i , ~° ~ ne useful chemicals in 

"° - ile desirea compartment, it i s Ki ^ . 

°' tsn convenient to trars-^ -he 

merged material into » n ... - ne 

-xwx *n*.o a larger diameter tube th-oh„ 
maintaining a preferred aa-^ s -- _ -hereby 

^ —answer area relative to -he. 
volume of the larapr — uile 

x^ger compartment resu" t- r.r- -=-^™ *., 
25 msroer. — — n ^ - rom the 

All reactors from wells containing --s^^ a 

— — signer secr-t-i r«rr 



r 



^- iiS °- i^9 2 a v7ere positive far f] nn ^^ 

. . , ^ vt= ^ XQr fluorescence,. ComDar^Tnor,* - 

with nansecreting cells compartments 

fluorescence. y ulv " rcu - 

Fxgure 8 shows a reactor w h -„ 

doau„ an axis a -A to avoici excess -iv» n^ a+ -4 

of -Be solid components in the reaction ^mr~ 
usually su-b — 4 " ^en^ t 

. - x ^ a except wnen th^ 

^^.ioi; conipartinents ar^ h^. --^ • - 

1- d uiier tnan h^^-n^ m^r=>^ * " — 

~-^^v ^n^ougn a tucing. 

Figure 9 is a schema^ 

._ m __ . . Ea — shoving n-arlv-sDh^-a] 

compartments £OI)? ,v.^ ar5 - r , .. . - - — 

s -~ j-r) c; plastic 
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tubing S3 with the perfluorocarbon liouj d 94 -a-il-i— 

cne separation of the comna^fflD-^n v — n 

- a ' - me**^s ana bubbles, and 

facilitating movement: of* th* bub^Ue • 

uuujies ana especiaj 1 v 

compartments , along the rube 9 



The patch -~d.iravi.Tia £*.sno-*' ~~ ■*- v - 

discovered, by one of our co-wo-i-o-~ ^ v. 

*t—.^e^ &J l»o De or particular 



value siid u t ■» i 4 *-\r 4 n . 

" — - — — i l-xic*.*. wrie agglomeration 



even without a- tacr i ** c « 



>r the r>a 



t-rtl s„*i* j/. j, 



rluorescing patch in the prece^n^ ovp^t^ y 

sr-*~~^^n^ example) nas been found 

be detectable to th** ii C n a i W 

— usually with trie hei p of a 

microscope at, e.g. 100-2 00]; aaonif-i^^or — .^1- * 

^iii^^^a. w_L.wn -cilia vxtnoui *~'ne 

aid of labels. This phenomena, best carried out- w 7«-* 

magri9uic particles „ is hi^s^o rm a . ^ ^ 

berwaen. the two samples . The material which has nicked ur> 

ia " ne antibody (e.g. the MB/ GAM - Ab - p T mr./^„ ~ 

preceding example) has a morp rior,«« 

> cx to a more dense .more compact 

appearance than do tfie beads wh^r v 

^-d&s wnen Jiey nave vet to be 

completed with a. material info^^^ 

a^id^ interest. An example is t*h<=> 

MB/ GAM state in the foreaoinc examnu rn b ^ I, 

- - ejLclIIl P-i-e. rnis procedure 
- u even if less ssnsitiw -*~H»-r* 

XVB wnari " he tagging procedure, mav 
ultimately prove to be a. preferred war c-^ . ^ 

process of the invention. 

Xt is also to be understood -hh^t- ^ m n 

' i3LOOQ ^ naL following claims 

are intended to cover al 1 ^-h^ 

^"^^ °- ^ e generic and sp^cifi- 

rearures of the invent- -? on ho 1 r- ^ 

1 — an ne^m aescribed and a3 i 



suateiasnts of the scoue of th* inve^inr t7 > ; i 
said to fall therebetween. 



Having described our invention, whs 



at we nov,r clai^ is 



uo;>788()A:.: 
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1 1 



14 



CLAIMS: - 22 



n of 



1. A process for promoting growth and productior 
2 biochemical products 1b. cell culture media which includes: 

2 (a) placing a series of cell culture media s -r-o — 

in ~he fans, of spaced reacniop n ainnF w-^^ _ 



g a tube ; 

f;r>j treating: the- wall cf said tube with a cr=*^~ 



permeable carrier liana- 



maintaining separation of said. reaction 
compartments with, in said tube wit>* *r. — " 

separation fluid? 



(d) forming a gas -permeable barrier of a ~a-r-^T~ 

±x quid between said eel i c~vj! ^-t^c 

ou - L wW..e. mecimt compartments and 

said separation fluid; 

(e) incubating said, series of cell culture media 

and inspecting said media to de^ec^ t-ho r*~^ 

u^u.-wc^ -He presence of 

15 desired biochemical Drodu^c 4~v^ 

±h-l^^Uwws ^ the incubated 

16 compartments; and 

17 _ fjf) recovering said desired biochemical Droducts 
IB from at least some of said spaced reaction 
19 compartments. 



1 2. A process as defined in Claim 1 wherein said. 

2 compartments are moved along said tube during said 

3 incubation step. 



A Process as defined in Claim 2 wherein said 

2 culture media and said recovered biochemical products each 

3 comprise living cells. 



4 •> jrk 



size of 



« ^e^xned in Claim l comprising t- h « 
step or Placing a. ceil culture media of less than abou^- 
3 10 microliters in volume into said reaction compartment 

1 5. A process as defined, in Claim 2 wherein 

2 said reactor compartments, the size and. shace of said 

3 compartments, and the thicJcness of said carrier fluid is 

4 selected to provide sufficient O a n a r- n 

«- °2 ana CQ 2 gas exenange 

between said separation fluid and said reactor 
compartment no enhance the crrwth ratio o- r. e n - 



6 * A , . 

t; Tl **J +-»> 



■process as de^^n^d -?-n » ■? ^ a ,-vu 

^ R Li ---^ 4 wherein sma tut>e 

2 wall is suffi c!on f nr tM-n 

-^jL„.„xi_i ^.n^n uo d^io^ eras to enter said 

wdfcio . - ns - £0i ari ^ to permeate the carrier 
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4 fluid in quantities effective to promote ceil growth. 

1 7. A process as defined: ir 



1 



1 
2 



6 



1 



* L^ain; 2 wherein sai 
c least one secrstina cell 
-^«v«rj » L sp iiiciuaes trie r& r. nvrt -v 



■ ..'■u.r: composition comprised at ] 



—* •— *- — Ji * ^ w SsS «L JL S *■ 

8. a process as defined m *i m i 



3 comn 



or , wnerein said process is operated, with a 
rising a non-conditioned media. 



■w ■ — «... JL w L&. _L s-i j, tz. 



2- 



9* A process as defined in claim 
7 wherein said reaction 
microliter in volume, 



4. F 



ompartments are less than 1 



10 

is 



"^ neci ^ n c -^-^ 1 wherein said tube 

transparent and comnHeinrr « • . 

wUra P-^smg the additional steo of- 

3 optically evaluating a seod coTnna^Anf. * 

• u compartment tnrougn said. wa2 1 

^ °f said tube as 3aid tnb^- 4 o -m^-r^*? ~ ■* 

uUD - jlS moved relative to an axr^laaJ 

^ evaluation apparatus. 

J ^ 1X - A P-ooess as defined in Claim i, 2 , 3, 7 , or I0 

wherein said reaction coBnar^m^rfc 

umparijaents are not elongated alone? 



cue axis of the tube. 



12. A process as defined in Claims 1 or 7 -ompr^in- 
rhe step of detecting an antibody indicative of a siitabl- 
^ hybrid™ cell in a first reactor co TO ent, and merging 
the contents of the first compartment with ar least ^ " 

otner compartment whioh is fr^^ of ~<*7 -»m a ~ ^ ■ 

"- J - ox weixuiar material 

promote an improved rate o^ fQ-TTt»+--inn — — 

o^ -o^ma^ion ox additional sai 

suitable hybridoma ceils and s^^ion n f 

&-_ew,xon or said antibod 

8 Dy said cells.. 



one 

o 



C4 



tiu 



-1* *t J 1 



A process as defined in ^ 4 ^ 0 „, , 

««^j.iiwu wisim 9 where ^n s** •* r 

2 compartments are of a maximum volume of 0.5 mic^7«-~- 
1 14. a process as defined in claims 1, 2, 3 ~ - n 

iU - lw ^ compartments each 

comprise liquid taken from a comiqp <?n*i— ^ • . 

■ w ^Jiiunon £>oa^.ce composition • 

1 15 ' A process for promoting the arow-b Q * M*^h Q ■ •••• 

^ " Xj - GlOCilSBllCdJ 

products in i »~ rw .,, ^ 

m-w^j_ci wjmp.i^iiiq tne steos • 
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form 



(TV 



tnfli... 



(a) placing a series of cell culture media in the 
of spaced reaction, compartments along a tube? 

tO creatine trie wa ~ m*r c~ -r ^ -_. t „v._. „ . ■ , . 

w..^ wcl_^ Sai.i ^ul>e ¥itn a carrier 

liquid which is means to *=»~ -n 4 ~ -,« tr ^ 

" ^ ^^w^^^^cl^ ^ id. o v s m e n t o 

compartments along said, ttLbe; 

* (c) separating saxi reaction compartments vifctii 

tune with an intermediate separatiop fiui*- 

10 < d > incubating said media in said tubes? and 

11 (•> recoving said biochemical products o 

12 some of said spaced, reaction compartments at the en 

13 said conduit:, 

1 16. & process for evaluating the e-P-F <=•-■*- 



a..r least 



2 



1 



8 



2 



ana thermal environment on a ch^ffii-p i r^r-^r _ . . 

uu^iLj^wcii. ~-t;auL,ioR c amor is mo 

3 the steps 



f 



4 (a) placing a series of reaction media, containino 

=> reactants for said chemical reaction, in a series of 

spaced reaction comDart-monf= 4« -> . _ - - 

^""pai-jnenro j_n a gas-permeable tube 

(b) maintaining said tube, sequent iallv i 

8 plurality of different environments, predetermined as -o 

9 temperature and gaseous composition; 

10 < c > treating the wall of said tube with a gas 

11 permeable carrier fluid which is means to facilitate 

12 movement of said compartment along said tube; and " 

13 (d) observing the effect of said environment on said 

14 chemical reaction. 



comprising s 



***** 



3 CD a housing within which is maintained a cell - 

4 growth-promoting invironmint of gases; 

(2} a tubing in said housing, walls of said tubina 

being gas-permeable permitting gases to permeate 
therethrough, into said ruling; and 

(3] a gas-permeable carrier fluiri »n n^r- +--w 

j- j-^-uj-cx a±ong the walls of 

said, tub inn , also- fQT-win« ^.^^.^ 
10 permeatae therethrough. 



T T-ii *~i 

C-l. CO "Ci«r.r-: 



1 IS * 



Apparatus as defined in Claim 
comprising within, said ^hi nr » 

walls formed of a gas -permeable carri»^ f llnri 



k4» / 



rurtner 



sample- enclosina 



RMS DOC!:".): <Wt; _ 8907880A? ' 



WO 89/07880 



PCT/US89/00180 



2 



c 

7 

8 
Q 
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f "7 
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19. A process for or-omo+- n~ »nr» 

u.uinoan^ ana andiyzmg change 

cell culture media comprising the 

(a) placing said media in a s^noq rj -f , _ 

^ — JL ~ S ^ spctcecf. reaction 
— *n^^ ^jn^x.u-s aiong and; within a. rube; 

K o) treating the wall of said tube. ' - 
permeable carri^^ 

fc} maintaining- ■ . - - 

- ' — °- saia reaction 

compartments within said ^ub~ ^i-h ^ < . 

^w^fe. feiun cin intermediate 

separation fluid. ; 

a gas— permeable bpi — * n * _ 

said coaipartisent and i * ~ +~ 



J.. <*^> t«L JL w ^ 



said 



f r? 



ranrnna 



rguid^ between 



rlma; 



(e) Incubating said series of cell 



( J- ) 



Of 



cux Lure media ; and 
inspecting said media to determine the con, 
oxocnemxcal components within said cell. 
20. A process as described in Claim 19 wherein sai^ 
ompartments are less than a microliter in 



4 



wherein 



Apparatus as defined in claims i, 
said compartments are 
material which forms means 
said compartments. 



2 1 3 o; 



ormed with 



ct poxymeric 
to encaplsulate the liquid of 
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